Introduction
Large geographical variations in myocardial infarction (MI) have been observed in European countries. Data from the World Health Organization MONICA Project (multinational monitoring of trends and determinants in cardiovascular disease) showed a higher incidence of coronary heart disease (CHD) in Northern Ireland than France [1] . Age-standardised annual event rates per 100 0000 men aged 35Á/64 averaged 306 in three French regions and 807 in Belfast [1] . Differences in the distribution of classical risk factors can explain only a small part of the excess risk of CHD in Belfast compared with France [2, 3] . Over the last 10 years, haemostatic variables have emerged as novel risk markers for CHD [4] and early epidemiological evidence has associated high levels of plasma fibrinogen and factor VII activity with CHD incidence [5, 6] . Many studies have confirmed the importance of fibrinogen as a strong risk marker for CHD [7, 8] but further data have yielded conflicting results about factor VII and CHD prediction [4] .
In the Prospective Epidemiological Study of Myocardial Infarction (PRIME) Study, we investigated the contribution of fibrinogen and factor VII to the prediction of 5-year CHD incidence in men aged 50Á/59 in France and Northern Ireland. Furthermore, we assessed the extent to which fibrinogen and factor VII could explain the difference in CHD incidence between these two countries.
Methods

Study population
The PRIME design has been published [3] . The three WHO MONICA field centers in France (Lille, Strasbourg and Toulouse) and the center in Northern Ireland (Belfast) each recruited approximately 2500 men aged 50 Á/59 years. The participants were recruited between 1991 and 1993 from both industrial and community settings. Subjects were informed of the aim of the study and those who agreed to take part were given a morning appointment and asked to fast for at least 12 h. Local ethical committees approved the study.
Clinical measurements
Baseline self-administered questionnaires were completed at home by participants and included assessment of health behaviors, sociodemographic factors, and history of cardiovascular disease and diabetes mellitus. The questionnaires were checked at the clinic by an interviewer who sought information on missing items. Anthropometric measurements included height and weight, and blood pressure was measured on two occasions in the sitting position with the same automatic device (Spengler SP9). During the examination, the questionnaire on personal medical history was completed along with the London School of Hygiene Cardiovascular (Rose) Questionnaire for Chest Pain on Effort and Possible Infarction [9] , and a 12-lead electrocardiogram was recorded.
Subjects were considered free of CHD at entry if none of these criteria was met: (1) reported MI and/or angina pectoris diagnosed by a physician; (2) electrocardiographic evidence of MI, defined as major or moderate Q waves on Minnesota coding; (3) a positive answer to the Rose Questionnaire. Prevalent hypertension was defined as systolic pressure /150 mmHg, diastolic pressure / 95 mmHg, or use of antihypertensive agents. Prevalent diabetes mellitus was defined as a self-reported history of physician-diagnosed diabetes and/or use of antidiabetic agents. The body mass index was computed as weight (kg) divided by height squared (m 2 ).
Blood sampling and assay procedures
Laboratory procedures have been published [11] . Venous blood (nine volumes) was collected between 9:00 and 10:00 h into siliconised vacutainer tubes (Vacutainer, Becton Dickinson) containing 0.11 M trisodium citrate (one volume). Platelet-poor plasma was obtained by centrifugation at 4500 )/g and 20 8C for 15 min. Without delay, aliquots of plasma were transferred into plastic tubes and frozen on-site to (/ 80 8C, and then they were shipped in batch to the central laboratory in Lille.
Fibrinogen and factor VII were measured in the central haemostasis laboratory of La Timone Hospital at Marseille, France. Fibrinogen was measured according to the method of Clauss [12] . Factor VIIc was assayed in a regular one-stage system using rabbit brain thromboplastin obtained from Diagnostic Reagents Limited (Oxon, England). Factor VII-deficient substrate plasma was prepared from absorbed bovine plasma and concentrate of human factors IX, X, and II as described [13] . Factor international standard was obtained from NIBSC (National Institute for Biological Standard and Control, Hertfordshire, England). Results were expressed as a percentage of the reference plasma.
Accuracy and precision of haemostatic assays were assured by a strict internal quality control program. A single batch of normal plasma pool prepared from 50 healthy subjects was used as a control material. Analysis of internal quality control data showed that laboratory coefficient of variation was 4.3% for fibrinogen and 7.2% for factor VII.
Plasma prepared with EDTA was used for analysis of lipids. Plasma total cholesterol and triglycerides were measured by enzymatic methods using reagents obtained from Boerhinger Mannhein (Mannhein, FRG). High density lipoprotein (HDL)Á/cholesterol was measured after sodium phosphotungstate Á/magnesium chloride precipitation.
Follow-up
The follow-up procedures have been described in detail [10] . Subjects were contacted annually by letter and asked to complete a clinical event questionnaire. If the subject did not comply, phone contact was established with him or his general practitioner. For all subjects reporting a possible event, the hospital records and physician records were collected. Death certificates were checked for supporting clinical and post-mortem information on cause of death. Whenever necessary, the circumstances of death were obtained from the practitioner or the family. Validation of coronary events was done by the PRIME Medical Committee according to a strict protocol.
MI was defined by one of the following sets of conditions: (1) new diagnostic Q wave or other fresh typical electrocardiographic sign of necrosis; (2) typical or atypical pain symptoms and new (or increased) ischaemia and myocardial enzyme levels higher than twice the upper limit; (3) post-mortem evidence of fresh MI or thrombosis.
Definite coronary death was defined as death with a documented coronary event. Sudden death was defined as death occurring within 1 h following symptoms without explanation. When a coronary death was suspected, with no documentation or explanation it was labeled possible coronary death. The three death categories were grouped together as coronary deaths.
Angina pectoris was defined by the presence of chest pain at rest and/or on exertion and one of the following criteria: (1) angiographic stenosis over 50%; or (2) a positive scintigraphy (if no angiographic data); or (3) positive exercise stress test (if no angiographic or scintigraphic data); or (4) electrocardiogram changes at rest (if no angiographic, scintigraphic or exercise stress test data), but without MI and no evidence of a non-coronary cause in the clinical history. Unstable angina was defined as a crescendo pain or chest pain at rest, with either enzyme changes or electrical changes.
Statistical analysis
Statistical analysis used procedures available in the STATISTICAL ANALYSIS SYSTEM (SAS) software (SAS Institute, Inc., Cary, NC). Distribution of fibrinogen was positively skewed and so log transformed values were used. Mean levels of fibrinogen are given in arithmetic form. Data analysis was stratified by both country and vascular end points (hard events and angina pectoris) after pooling the three French centers. Twoway analysis of variance and chi-square test were used to compare the characteristics of cases and control subjects. Homogeneity of the results across the countries was systematically tested by including interaction terms into the statistical models. Age-adjusted relative risks of CHD per one standard deviation of each haemostatic variable were estimated using multiple logistic regression. Relative risks were further adjusted for conventional cardiovascular risk factors. Finally, unadjusted and adjusted relative risks of CHD in Northern Ireland versus France were used to estimate the excess risk explained by fibrinogen and conventional risk factors. Relative risks are given with 95% confidence intervals, and two sided probability values are used.
Results
Haemostatic variables were available for 9489 participants free of CHD at baseline. Over 5 years of followup, 161 participants developed MI or coronary death (100 in France and 61 in Belfast) and 151 developed angina pectoris (94 in France and 57 in Belfast). The risk of future coronary events was 1.9 times higher in Belfast than in France (95% confidence interval: 1.5 Á/2.4).
Baseline mean levels of fibrinogen were substantially higher in Northern Ireland than in France (overall mean increase'/45 mg/dl, P B/0.001), whereas a minor but significant difference in factor VII activity between the two countries was observed ( Table 1) . Levels of established vascular risk factors were generally higher in subjects who developed hard CHD or angina than in those who remained free of CHD (Table 1 ). Mean levels of fibrinogen but not those of factor VII were significantly higher in subjects with subsequent CHD events than in those without in both France and Northern Ireland (overall mean increase '/21 and '/36 mg/dl, respectively). There was no significant difference in fibrinogen levels between subjects who developed effort angina (n 0/111) and those who did unstable angina (n 0/40). Table 2 provides the relative risks of CHD per one standard deviation increase in fibrinogen in both France and Northern Ireland. In France, age-adjusted incidence of CHD was 36% higher per S.D. increment (101 mg/dl) of fibrinogen. In Northern Ireland, CHD incidence was 59% higher per each S.D. increment in fibrinogen. Adjustment for classical vascular risk factors slightly reduced the relative risks; the association between fibrinogen and CHD incidence remained significant in both France and Northern Ireland. Table 3 gives the relative risks of CHD in Northern Ireland compared with France before and after adjustment for classical risk factors and fibrinogen. Classic risk factors explained 25% of the excess risk of CHD in Belfast compared with France, while fibrinogen alone accounted for 30%. Together, fibrinogen and classical risk factors explained 44% of the difference in CHD incidence between the two countries. With respect to the vascular endpoints (hard CHD or angina) similar results were observed. Educational level was lower in Northern Ireland than in France but this difference explained only 2% of the excess risk of CHD in Belfast.
Discussion
This prospective cohort study shows that elevated fibrinogen level is an independent predictor of CHD among healthy middle-aged men in both France and Northern Ireland. Furthermore, fibrinogen levels are substantially higher in Northern Ireland than in France and this contrast explains an important part of the However, data evaluating the role of fibrinogen in determining the risk of angina pectoris are sparse. Elevated fibrinogen was a predictor of angina in the Edinburgh Artery Study but the association was no longer significant after adjustment for cardiovascular risk factors [16] . Our data show clearly that fibrinogen is an independent risk factor for angina, particularly in France.
Fibrinogen levels were substantially higher in Northern Ireland than France. This finding is consistent with our previous reports [11, 22] . Another study investigated the differences in fibrinogen level between populations at contrasting risk for CHD. Japanese in the Akita Study have significantly lower fibrinogen levels than either European or African Americans and this difference is consistent with the higher rate of CHD mortality in the United States than Japan [23] . Minor changes in fibrinogen levels between the three French centers were observed at baseline [11] . These differences could not explain the geographical variations in CHD within France [10] .
The mechanisms underlying the higher levels of fibrinogen in Northern Ireland compared with France remain speculative. Smoking is a major determinant of fibrinogen level. However, differences in fibrinogen levels between the two countries remained highly significant after adjustment for current or past smoking as well as for the dosage of tobacco consumption [11] . There were no substantial changes in the results after adjustment for other cardiovascular risk factors including educational level [11] . The differences could also be explained by a higher inflammatory response to infectious agents in men from Northern Ireland. However, no data are available in the PRIME Study to test this hypothesis.
Our data show that fibrinogen level has a stronger impact on the difference in CHD incidence between Northern Ireland and France than classical risk factors. About one third of the excess risk of CHD in Belfast compared with France may be explained in term of fibrinogen alone, while classical risk factors taken together account for only a quarter.
Whether elevated fibrinogen level may be causally related to atherothrombotic events remains unclear. High fibrinogen levels may be relevant to the pathogenesis of CHD through effects on blood viscosity, platelet aggregation, fibrin formation, and atheroma itself [4] . However, plasma fibrinogen is an acute phase protein and therefore, high levels may reflect the inflammation associated with atherosclerosis. The finding of a positive association between fibrinogen and the future development of angina suggests that elevated fibrinogen is not only relevant to thrombosis but also to atherosclerosis.
Genetic variations at the fibrinogen locus could explain in part the geographical differences in plasma fibrinogen level. Previous data in France and Northern Ireland showed no significant difference in fibrinogen genotypes between the two countries [22] . However, further genetic investigations in relation to geographical trends in CHD are required.
Several prospectives studies have investigated the association between factor VII and CHD incidence. The first Northwick Park Heart Study found a strong positive association between factor VII coagulant activity and the subsequent risk of MI [14] . Then, five studies [16, 18, 19, 21, 24] failed to provide evidence that elevated factor VII was a predictor of CHD after adjustment for vascular risk factors. One hypothesis to explain the discrepancies between studies was the ability of factor VII assays to detect activated factor VII. The Northwick Park factor VII assay [13] , which utilized a FVIIdeficient plasma depleted of protein C, exhibited an increased responsiveness to activated factor VII in other factor VII assays, such as the Mü nster [18] or ARIC [19] assays, which used substrate plasma depleted of factor VII only [25] . A factor VII assay similar to those of the Northwick Park Heart Study was used in the PRIME Study and, therefore, an underestimation of activated factor VII can be excluded. However, activated factor VII has been related to both vascular risk factors [26] and CHD incidence [24] and further data evaluating the role of factor VIIa in CHD are needed.
The impact of factor VII genotype on factor VII activity and antigen is large, but conflicting results have been reported with respect to the risk of MI [27 Á/29] . Interestingly, genotypes associated with low factor VII levels were significantly rarer in the northern part of Europe than in the southern part [30] . However, another geographical comparison showed that the frequency of the factor VII 353R/Q allele was similar in Northern Ireland and in France [27] . Further data are needed to clarify the factor VII genetic contribution to the development of CHD.
Potential limitations of our study include the fact that we evaluated only men aged 50 Á/59 recruited both from industry and community settings. Therefore, the external validity of this study is limited and care must be taken when generalizing these data.
In conclusion, our data show that fibrinogen, but not factor VII, can explain much of the difference in risk of CHD between France and Northern Ireland. This finding add to the epidemiological evidence that elevated fibrinogen is a major risk factor for CHD.
The PRIME study group
The PRIME Study is organized under an agreement between INSERM and the Merck, Sharpe and DohmeChibret Laboratory, with the following participating Laboratories:
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